Cyperaceae are grass-or rush-like herbs occurring in all latitudes under a wide range of physical and physiological conditions. Representatives of this family are readily distinguished from grasses by the mostly 3-ranked leaves, terete or 3-angled solid cuims and by their closed rather than split leaf-sheaths. Willis (1966) estimated about 90 genera embracing about 4,000 species. Hutchinson (1959) considered Cyperaceae to have developed parellel with the grasses through the juncaceous stock from the Liliales. He placed Cyperaceae and Gramineae under two separate orders Cyperales and Graminales and considered the latter to be more highly advanced. Engler and Prantl (1889-1897) grouped Cyperaceae and Graminaceae under Glumi florae, and Juncaceae alongwith Liliaceae under the Liliflorae. However, Snell and Blaser (vide Lawrence 1965) on certain morphological grounds disapproved of any close relationship between the two families Cyperaceae and Gramineae. Ziegen speck (cf. Bor 1960) opined that two lines emerged from the common parental stock, one of which gave rise to Commelinaceae and Gramineae and the other to Juncaceae and Cyperaceae. A lot of controversy also exists regarding the delimitation and evolution of taxa within the family. Hooker (1894) divided the family into four main sections starting with Cypereae and followed by Hypolytreae, Sclerieae and Cariceae. He further split the first section into three tribes Eucypereae, Scirpeae and Rhynchosporeae on the basis of hypogynous bristles and glume characteristics. Hutchinson (1959) divided the family into seven tribes and considered Rhyncho sporeae to be the most primitive followed by Scirpeae, Cypereae, Hypolytreae, Sclerieae, Cryptangieae and Cariceae. In the classification followed by Engler and Prantl (1. c.) the subfamily Scirpoideae has been regarded as the most primitive, followed by Rhynchosporoideae and Caricoideae. Some authors have even gone to the extent of splitting the family Cyperaceae into three independent families i.e. Cyperaceae (restricted to the subfamily Scirpoideae), Rhynchosporeaceae and Cari caceae (vide Lawrence 1965). In view of these diverse opinions it was, thought worthwhile to collect cytological data to see if it could be helpful in resolving some of these issues and also to follow the course of cytological evolution and the mechanism of speciation in this highly fascinating group of plants. In pursuance of this objec tive, investigations were undertaken on 42 taxa of the W. Himalayan Cyperaceae which have hitherto remained unexplored to a large extent.
Material and method
The material was collected in nature from various places in the W. Himala yas.
Young inflorescences were fixed in 1:3 acetic alcohol with the addition of a Table 1 lists the taxa studied, their chromosome numbers and the specific locali ties from where they were collected.
Kyllinga
Three species of this genus have been worked out. One species K. triceps (n=48, Fig. 3 ) has been investigated for the first time. Darlington and Wylie (1955) men tioned x=60 as the base number in this genus. Their conclusion was based on the finding of 2n=120 in a single species K. brevifolia by Tanaka (1941) . However, the present chromosome counts in K, triceps (n=48, Fig. 3 ) and K. squamulata (n=54, Fig. 2 ) suggest the base number to be much lower than 60. Sharma, B. R. (1962) from this laboratory, observed n=56 in K. cylinderica. A perusal of the literature shows that the genus has almost been neglected and a lot more work needs to be done to arrive at any satisfactory conclusion regarding the base numbers. The indications are that the genus is multibasic.
Pycreus
The chromosomal counts for P. sanguinolentus (n=24, 25, Figs. 6, 25) are in agreement with those of Tanaka (1941) and Sharma, B. R. (1962) . The two races do not differ very significantly from each other as is obvious from Fig. 43 . A morphological comparison of the two is given in Table 2 . Pycreus nitens showed n=47 (Fig. 5) . Sanyal (1972) , however, reported 2n=54 in this species. The present report of n=43 (Fig. 4) in P. capillaris is at variance with the finding of Sharma, B. R. (1. c.) who observed n=40 in this species, thus, indicating the pre sence of cytological races. Avdulov (1931) and Levitsky (1931) observed 2n=Ca 50 in P. flaviscence (vide Love and Love, 1961) . This genus is also a neglected one cytologically. Diverse numbers in different species and existence of cytological races with very close haploid numbers point out to the role of aneuploidy in evolu tion.
Cyperus
It is the second largest genus in the family with about 700 species. Twelve species have been worked out. Of these, four, namely, C. amabilis (n=19, Fig. 7 ), C. cuspidatus (n=56, Fig. 10 ), C. niveus (n=36, Fig. 28 ) and C. procerus (n=52, Fig. 14) have been investigated for the first time. New chromosome numbers have been reported for the other eight species (cf. Table 1 ) which indicate the presence of cytological races in them. The present count of n=8 in C. flavidus (Fig. 26) is the lowest haploid chromosome number recorded, the highest being n=64 in C . iria (Fig. 13) . Two base numbers x=8 and x=9 have been suggested for the genus by Darlington and Wylie (1. c.) . The present record of n=8 in C. flavidus, together with the finding of 2n=18 in C. esculentus by Suzuka (1953) Literature cited in Table 1 according to Darlington and Wylie (1955), Cave et al. (1956-68) , Love and Love (1961 ), Federov (1969 ), Taxon (1969 , Sanyal (1972) and Sanyal and Sharma (1972) . flabelliformis indicating the presence of localised centromere in the chromosomes of of this genus, in contrast to the genera Scirpus and Carex in which the chromosomes are known to possess diffuse centromere. However, very recently Sanyal and Sharma (1972) have observed localised centromere in the chromosomes of one species of Scirpus, S. squarrosus.
Mariscus. The count of n=42 ( Fig. 16 ) in M. paniceus is in accord with the finding of Sharma, B. R. (1962 Eleocharis. Two cytological races with n=7 and n=8 (Figs. 29, 30) were found to exist in E. palustris. There is slight difference in their morphology (Fig. 44 ) the details of which are brought out in Table 3 . In addition various other cytological races with 2n=10, 36, 38 have been recorded by earlier authors from Europe (cf. Table 1 ). The role of aneuploidy and polyploidy in the origin of various cytological races in this species is obvious.
Fimbristylis.
Four species of the genus Fimbristylis have been studied. A diploid form of F. diphylla with n=5 ( Fig. 19 ) exists in the Kumaon hills, whereas Sharma and Bal (1956) and Sanyal and Sharma (1972) have reported the occurrence of tetraploids in the E. Himalayas. As also reported by the above authors from E. Himalayas, cytological races of F. dichotoma with n=5, 10 (Figs. 31, 32) were found to occur in the western Himalayas too. Comparative morphology of these two is presented in Table 4 and Fig. 45 . The present record of n=10 ( Fig. 35 ) in F. squarrosa differs from that of Sanyal and Sharma (1972) who observed 2n=24 in this species from the E. Himalayas but agrees with that of Tanaka (1939) . The count for F. miliacea (n=5, Fig. 33 ) is in conformity with the findings of Chuang et al. (1963) and Gadella and Kliphuis (1964) . Darlington and Wylie (1955) have suggested four base numbers x=5, 6, 8, 11 for the genus. All the four presently worked out species are based on x=5, F. miliacea and F. diphylla being diploid, F. squarrosa tetraploid, and F. dichotoma both at the diploid and tetraploid level. Skottsberg (1955) had observed 2n=28, 48 in F. cymosa. The chromosome counts of the other previously worked out species are 2n=10, 16, 20, 24, 44 (vide Federov 1969) . These data along with the presence of four base numbers x=5, 6, 8 and Scirpus This is another large genus of the family with about 200 species. The current findings include studies on seven species, of which S. erectus with n=37 (Fig. 18) has been investigated for the first time. S. lacustris and S. maritimus seem to be species complexes. Tanaka (1938) observed three cytological races with 2n=38, 40, 42 in the former, while 2n=76, 77, 80, 86, 96, 104 and 110 (cf . Table 1 ) are reported in the latter species. Darlington and Wylie (1. c.) do not mention any base number for the genus. A perusal of the literature reveals that the lowest haploid number so far observed is n=14 and has been recorded in S. supinus (Sharma and Bal 1956) and S. divaricatus (Schuyler 1963) as well as in S. setaceus (Scheerer 1940 , and the present report). Meiosis in S. supinus and S. setaceus was found to be-perfectly normal without secondary associations or multivalent formation. In the light of the above facts x=14 is suggested as one of the base number for the genus. All the species of this genus investigated to date are known to possess diffuse centromere with the sole exception of S. squarrosus, in the chromosomes of which Sanyal and Sharma (1972) observed localised centromere. The diffuse nature of centromere could be responsible for irregular increase of chromosome number through transverse breakage.
Eriophorum
The haploid chromosome number n=26 in E. comosum (Fig. 22) is the first cytological record for the species. Other numbers reported for the various species are 2n=54, 58, 60, 72 and 76 (Darlington and Wylie 1955, and Love and Love 1961) . Cytological races have been observed in E. latifolium (2n=54, 72) and E. angustifolium (2n=58, 60) (Darlington and Wylie, 1. c.). The latter authors have mentioned x=29 as the base number for the genus. However, n=26 in E. como sum is the lowest haploid number of all the species so far investigated and on this basis x=26 is suggested as another base number for the genus. The presence of consecutive numbers 2n=58, 60 in E. angustifolium and other diverse numbers observed in various species of the genus point to the role of aneuploidy in speciation.
Carex
It is the largest genus of the family with about 1100 species. Of the six species presently worked out, first chromosomal documents have been presented for two species, C. filicina (n=21, Fig. 39 ) and C. nubigena (n=52, Fig. 24 ). The present observation of n=24 in C. melanantha (Fig. 23 ) differs from that of Sokolovskaya and Strelkova (1939, 1948) who reported 2n=52, 78. The count of n=29 in C. muricata (Fig. 40 ) is in line with the finding of Tanaka (1942 Tanaka ( , 1948 . The current report of n=31 in C. remota (Fig. 41 ) is in line with that of Heilborn (1928) and Davies (1956 a, b) . The present finding of n=30 in C. stenophylla (Fig. 42 ) is at variance with the report of Tanaka (1948) who recorded 2n=62 in this species. Other numbers recorded in various species of Carex range between 2n=14-112 (Love and Love 1961) . The base numbers mentioned for the genus are x=6, 7, 8, 9, 10 and 13 (Darlington and Wylie, 1. c.) . However, Love and Love (1. c.) have suggested x=5.
Heilborn (1922, 1924, 1928, 1932, 1936 and 1939) was the first to realise that chromosome numbers in various species were quite irregular and concluded that aneuploid series were secondarily derived from euploid ones with different base numbers, of which 7 was probably the most common. Wahl (1940) literature reveals that although in most species chromosome number was very con stant, in others variation in chromosome number was frequently observed. Con secutive haploid numbers have been recorded in C. digitata (n=24, 25, 26) and C.
caryophyllea (n=31, 32, 33, 34) (Love and Love 1961) . Though this genus has been extensively studied yet a detailed cytological and taxonomic survey of the various species from all over the geographical range is still very much desired. Fig. 45 . Fimbristylis dichotoma, cytotypes with n=5 and n=10.
Discussion
It is observed that taxa belonging to the genera Eleocharis, timbristylis ana Bulbostylis possess large sized chromosomes, while medium sized chromosomes are prevalent in the genus Scirpus, and very small chromosomes in Kyllinga, Pycreus, Cyperus, Eriophorum and Carex. In addition to the large size of chromosomes, majority of the taxa belonging to Eleocharis and Fimbristylis possess the lowest chromosome number, n=5 or multiples of 5, which indicates the primitiveness of these two genera and, thus, of the subfamily Scirpoideae to which they belong. Holttum (1948) , on the basis of spikelet morphology and other characters, also con sidered Scirpoideae to be the most primitive subfamily and Rhynchosporoideae and Caricoideae to be advanced. On the other hand, Hutchinson (1959) considered Rhyn chosporeae to be the most primitive tribe of the Cyperaceae. So far as the available cytological data on various taxa of Rhynchospora, Cladium, Oreobolus and Schoenus is concerned, it indicates the advanced status of the tribe Rhynchosporeae as majority of the taxa possess quite high chromosome numbers. Further according to Holttum (1. c.) Hypolytreae is the most primitive tribe leading to Scirpeae, Rhynchosporeae, Sclerieae, Cryptangieae and Cariceae. Unfortunately no cytological data is avai lable on any member of Hypolytreae and numerous other members of other tribes. Thus, at this stage it is not possible to conclude as to which of the tribes is the most primitive but it appears that the subfamily Scirpoideae of Engler and Prantl is certainly more primitive than Rhynchosporeae of Hutchinson.
A study of the literature alongwith the present investigations reveal that both polyploidy and aneuploidy have played significant role in the evolution of various genera and species within the family. However, aneuploidy must undoubtedly be regarded as major process in speciation. The various base numbers existing in the family are 5-14, 16, 20-23, 26, 27, 29, 30, 36, 38, 60 . As low chromosome numbers are generally regarded as more primitive than the higher ones and as 5 is the most common number occurring in majority of the members, x=5 is suggested as the base number of the family. Other numbers have probably been secondarily derived. In this regard besides aneuploidy, fragmentation of chromosomes with diffuse centro mere in the genera possessing these may have played an important part. This also accounts for the disparity in size of the chromosomes within various genera of the family.
A natural question that arises in our mind is with regard to the chromosomes with diffuse centromere. Are these primitive or advanced? If the evolutionary status of the family, or the genera in which they occur, is any criterion, which we believe, should be, then their occurrence in such an advanced family as Cyperaceae and in a genus like Carex which itself is highly evolved within the family, seem to indicate that they certainly do not represent the primitive condition but are derived later through the formation of neocentric regions.
Summary
Cytological data of 42 W. Himalayan taxa of Cyperaceae is presented. Nine species, Kyllinga triceps (n=48), Cyperus amabilis (n=19), C. cuspidatus (n=56), C. niveus (n=36), C. procerus (n=52), Scirpus erectus (n=37), Eriophorum comosum (n=26), Carex filicina (n=21) and C. nubigena (n=52) are investigated for the first time. New chromosome numbers have been reported in thirteen species, namely, Kyllinga monocephala (n=62), Pycreus capillaris (n=43), Cyperus com pressus (n=48), C. corymbosus (n=54), C. diffbrmis (n=18), C. distans (n=29), C. flavidus (n=8), C. haspan (n=18), C. iria (n=64), C. rotundus (n=48), Fimbristylis diphylla (n=5), Carex melanantha (n=24), and C. stenophylla (n=30). Base numbers x=14 and x=26 have been suggested for the genera Scirpus and Eriophorum respectively. The original base number for the family appears to be x=5, other numbers having been secondarily derived through aneuploidy and/or transverse breakage of chromosomes in genera possessing diffuse centromere. This latter feature may account for the small size of chromosomes in these taxa and also for the disparity in size of chromosomes in the genera constituting the family. The two cytological races in each of the three species Pycreus sanguinolentus (n=24, 25), Eleocharis palustris (n= 7, 8), and Fimbristylis dichotoma (n=5, 10) did not show any significant morphological differences from one another except for slight variation in size of the inflorescence, and hence do not merit any different status. ment of to the senior author. We are thankful to Mr. K, C. Sahni, Head of the Division of Botany, F. R. I. Dehradun for the facilities provided at the Herbarium for the identification of research specimens. Our thanks are also due to Atomic Energy Commission for the laboratory facilities provided at High Altitude Research Laboratory, Gulmarg.
